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The functioning of cells is intimately linked
to uptake, processing, and release of
a multitude of signals. Cellular trafficking
is key to this information processing,
involving localized biochemistry in
multiple dynamic compartments with
still-elusive molecular and biophysical
details. Concerted trafficking of chemical
signals between compartments allows
the cell to ‘‘compute,’’ i.e., to exchange
information and take decisions. But this
type of computation is fundamentally
different from that in human-made
computers.
Cellular trafficking has thus inspired the
theoretical concept of membrane
computing, also named ‘‘P-Systems’’
!un. A membrane-computing
after G. Pa
system, like the trafficking system in cells,
processes a multitude of signals in
parallel and in a distributed manner. It
consists of many membrane-bound
compartments, within which signals are
processed, and which are able to move,
fuse, and split, hence communicating.
This concurrent, stochastic processing is
conceptually different from the sequential, deterministic working of electronic
computers. Systems approaches such
as P-Systems may thus help address
questions so far unanswered: What can
a cell compute? Does the cellular trafficking system have a defined state, or
does it probe multiple states at once?
Can we unravel the rules of its working
by watching it with computational imaging
methods? The pioneering work by the Nobel Laureates hence continues to inspire
questions and progress across discipline
boundaries.

The isolation and characterization of the
SEC genes, partaking in secretion of
budding yeast proteins, were game
changers in cell biology. How could one
line of research, in a simple model system,
have such a profound effect on generations of biologists to come? First, Schekman’s studies uncovered the universal
underpinnings of the eukaryotic secretion
machinery. But even more remarkable
was that the discovered convergence
between the yeast and mammalian
machineries underscored the conserved
nature of cellular functions, turning yeast
into the best-studied model system for
cell biology.
The idea to systematically characterize
a pathway or process, which preceded
its time by 30 years and now lies at the
heart of the field of systems biology, is
what most sparks my personal passion
as a researcher. It is this aspect of Schekman’s work that drives my lab’s efforts
today, as we use systematic screening
approaches to uncover proteins important for a variety of organellar functions.
But probably most importantly, the
quantum leap that Schekman, Rothman,
and Südhof made by taking the ‘‘black
box’’ of secretion and turning it into something that we can understand and manipulate was magical. These scientists being
awarded the Nobel Prize reminds us that
we should never stop looking for that
magic as we pioneer forward in stilluncharted scientific waters.

The now-established core engines of
vesicle trafficking are often controlled by
networks of regulatory factors to adjust
the rate and direction of membrane transport according to physiological demands.
Such regulated vesicle trafficking plays
central roles in nearly every aspect of
human physiology. One prominent
example is insulin-triggered exocytosis
of the glucose transporter GLUT4, which
maintains our body’s glucose homeostasis. It poses tremendous challenges
to dissect regulated trafficking pathways
because they exist only in highly specialized cells and because each pathway
engages a unique set of regulatory
factors.
Fortunately, nowadays we are armed
with panoply of new tools unimaginable
just a few years ago. In particular, induced
pluripotent stem cells (iPSCs) have been
successfully programmed into a variety
of cell types in which regulated vesicle
trafficking can be probed using the
rapidly evolving genome-editing tools.
Even more excitingly, unbiased genetic
screens are finally possible in mammalian
cells with the isolation of multiple haploid
cell lines including iPSCs. Genome-wide
screens in these haploid cells hold great
promise in systematically identifying the
specialized machinery of regulated trafficking pathways integral to human physiology. Looking forward, I expect these
revolutionary technologies, combined
with existing biochemical and biophysical
approaches, to pave the path for the
next breakthroughs in vesicle trafficking
research.
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